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We, Pittsburgh Plate Glass Company, 
a corporation organised under the laws of the 
State of Pennsylvania, United States of 
America, of One Gateway Center, Pittsburgh 
22, State of Pennsylvania, United States of 
America, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 
by the following statement: — 

This invention is directed to a method of 
preparing improved glass auricles. 

It is known to expose glass to molten potas- 
sium nitrate at relatively low temperatures. 
For example, as shown by Kistler (Journal of 
the American Ceramic Society, February, 
1962, pp. 59 — 67), small glass slides were so 
treated and strengthening of the glass was 
observed. However, when the process is 
applied to ordinary window, sheet or plate 
glass (i.e., soda-lime glass), the time of treat- 
ment required for a significant strengthening 
has been so slow, i.e., several hours, that the 
process has not been considered practical for 
the manufacture of large commercial glass 
articles such as glass closures composed of 
soda-lime glass. 

It is an object of the present invention to 
improve the strength properties of commercial 
soda-lime-containing-giass articles, particularly 
to increase the impact resistance, breaking 
stress, and penetration resistance of lime-soda- 
silica flat glass articles such as windshields, 
spandrels, and other glass sheets suitable for 
use as viewing or like closures or partitions 
for buildings or vehicles. 

In accordance with the present invention 
there is provided a method of treating a soda- 
lime glass article with a potassium salt, wherein 
the glass is contacted with the potassium salt 
at an interfacial temperature of at least 875° 
F. and the glass is thereafter cooled before 
strengthening which results from said treat- 
ment is dissipated. The time of treatment in 
this manner need only be 5 to 40 minutes, 



and is usually 5 to 25 minutes. 

The contacting operation is conveniently 
effected after the conventional production of 
the glass article has taken place, viz., after the 
glass has been shaped into the desired article 
form. Advantageously the potassium salt em- 
ployed to contact the glass surface is potas- 
sium nitrate, and the contact or at least a por- 
tion thereof conveniently takes place by im- 
mersing the glass article into a molten potas- 
sium nitrate bath. 

To some extent at least the present inven- 
tion involves an exchange wherein potassium 
from the potassium salt is introduced into the 
glass surface and apparently is exchanged for 
sodium present in the exterior portions of the 
glass article. It is believed that this is an ion 
exchange phenomenon, wherein potassium ions 
are exchanged for sodium ions. 

As a consequence of this treatment a com- 
pressive stress is established in the glass not 
only at the outermost surfaces of the glass 
article, but also extending from the surface 
for a finite thickness inwardly towards the 
center of the treated glass article. While the 
central region of the glass sheet is under some 
tension, the magnitude of such tensile stress, 
in pounds per square inch, is substantially 
less than the maximum compressive stress, also 
measured in pounds per square inch, at the 
outer surface of the treated glass sheet. 

The tensile stress in the central region is 
well below the stress at which a notched piece 
of such glass fails under tensile stress, and 
the center tensile stress usually does not exceed 
100, or at most 200 pounds per square inch 
for glass thicknesses of 0.06 inch and greater, 
the center tensile stress being less for thicker 
glass samples. The ratio of maximum com- 
pressive stress in die outer region(s) to maxi- 
mum tensile stress in the central interior region 
generally ranges from at least 100 to 500 to 1 
for glass thicknesses of 0.06 inch and greater. 

The invention is applicable to a wide range 
of soda-lime-silica-containing glasses. In such 
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glasses Si0 2 (and, if desired, B 2 0, and/or 
A1 2 0 3 ) is the principal network former and 
CaO (and, if desired, other alkaline earth metal 
oxides) is present as a flux to aid in the melt- 

5 ing of the glasses. For example, glasses con- 
taining in excess of 40 per cent by weight of 
Si0 2 , 0 to 15 per cent by weight of B 2 0 3 , 
0 to 15 per cent by weight of A1 2 0 35 5 to 
25 per cent by weight of CaO and 0 to 25 

10 per cent by weight of MgO, SrO, BaO, PbO 
and/or ZnO or mixtures thereof, and 0 to 10 
per cent Ti0 2a 0 to 10 per cent K 2 0 and 2 
to 20 per cent by weight of sodium oxide can 
be employed in the practice of the invention. 

15 The present invention offers dramatic im- 
provements k breaking strength and impact 
resistance when applied to glass articles con- 
ventionally produced from window and plate 



glass compositions having an initial sodium 
to potassium weight ratio (prior to treatment) 20 
in excess of 1 to 1, and preferably in excess 
of 5 to 1, for example. The soda-lime-silica 
glasses usually have the following composition: 





Per Cent by Weight 


Na.O 


10 to 15 


K.0 


0 to 5 


CaO 


5 to 15 


SiO.. 


65 to 75 


MgO 


0 to 10 


B 2 0, 


0 to 5 



A typical soda-lime-silica glass suitable for 
treatment in accordance with this invention has 
the following composition: 



35 SiOo 

Na.0 
K 2 0 
CaO 
MgO 

40 Na 2 S0, 

Fe 2 0 3 
A1 2 0 3 

As shown by the above table, conventional 
flat glass used in the glass industry has a 

45 large excess of sodium over potassium. The 
ratio of concentration of sodium to potassium 
in such soda-lime-silica glass compositions 
generally ranges from 25 to 1 to upwards of 
150 to 1 and even higher since some soda- 

50 lime-silica glass compositions contain only 
trace amounts of potassium or no potassium. 
As a general rule, the higher the sodium con- 
tent in the glass to be treated, the greater the 
strength which can be obtained by the treat- 

55 ment. 

At the outermost surface of the glass, the 
sodium is essentially replaced by potassium. 
Yet at the central interior regions of tie glass 
article the sodium content remains substan- 

60 tially unchanged by the treatment Therefore, 
at the outer surface(s) of the glass article there 
exists a high potassium to sodium weight ratio, 
whereas in the central interior region(s) there 
exists a high weight ratio of sodium to potas- 

65 sium. 

The region of maximum potassium concen- 
tration exists in a layer wliich is parallel to 
the surface of the glass and which extends for 
0 J5 to 1.0 microns in from the surface of the 

70 glass. The potassium concentration tapers off 
gradually in any layer parallel to the surface 
of the glass as the distance of that layer from 
the surface of the glass is greater, with the 
potassium concentration ultimately being sub- 

75 stantially the same as in the untreated glass in 
a layer remote from the surface of the glass, 



Per Cent by Weight 



71.38 (usual variation 71 to 74%) 
12.76 (usual variation 12 to 14%) 
0.03 (usual variation 0 to 1%) 
9.67 (usual variation 8 to 12%) 
4.33 (usual variation 2 to 5%) 
0.75 (usual variation 0.1 to 1.0%) 
0.15 (usual variation 0.1 to 1.0%) 
0.81 (usual variation 0.1 to 1.0%) 

i.e., 6 to 10 microns from the surface of the 
glass. 

In the usual practice of this invention the 
potassium salt is contacted with the glass 80 
article while the potassium salt is maintained 
in molten condition. The equilibrium tempera- 
ture of reaction is maintained at a temperature 
of at least 875° F. 

As used herein the terms "equilibrium tem- 85 
perature of reaction", "contact temperature", 
etc., are employed to denote the temperature 
at which the potassium exchange is conducted. 
Conveniently this temperature is arrived at by 

(1) preheating and maintaining the potassium 90 
salt at a temperature of at least 875° R, and 

(2) preheating the glass to a temperature of 
at least 875° F. prior to contact of the glass 
with the potassium salt, viz., preheating the 
glass to a temperature approximating that at 95 
which the salt is maintained. 

It is generally preferable to preheat the 
surfaces of the glass sheets to be treated to a 
temperature approximating that at which the 
molten potassium salt bath is maintained prior 100 
to contacting the glass sheets with the treating 
bath. However, it will be realized that the 
glass can be heated to a higher temperature 
than that at which the potassium salt bath is 
maintained, and the converse is also true. That 105 
is to say, the potassium salt bath can be main- 
tained at a temperature below 875° F. as long 
as the glass is heated to a sufficiently high 
temperature to insure a "composite" or "inter- 
facial" reaction temperature of at least 875° 110 
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F. Conversely the glass temperature can be 
below 875° F. as long as the potassium salt 
bath is heated to a sufficiently high tempera- 
ture to insure a reaction temperature of at 

5 least 875° F. 

It is within the purview of this invention 
to use potassium salts other than potassium 
nitrate, such as potassium chloride, sulphate 
and mixtures thereof, which can be molten or 

10 solid at the contact temperature. 

At lower temperatures the effect of such 
contact is so slow that production of glass 
articles herein contemplated cannot be achieved 
within periods of time which are commercially 

35 practicable. For example, one hour's immer- 
sion of lime-soda-silica glass in molten potas- 
sium nitrate at 700° F. does not improve the 
strength properties of the glass substantially. 
Much longer periods of immersion at this tem- 

20 perature are required to produce strengths com- 
parable to that achieved in the minimal time 
periods, e.g. 5 to 10 minutes at the higher 
temperatures contemplated by the present 
invention. At temperatures exceeding 875° F., 

25 the desired strength improvement is attained 
even more rapidly. 

The upper limit of the contact temperature 
is dependent upon the softening temperature 
and melting temperature of the glass article 

30 being treated. Thus, the contact temperature 
cannot be so high as to exceed the melting 
temperature of the glass composition, but it 
can exceed the strain point and even the 
softening point of the glass composition under 

35 certain circumstances. 

Thus, as long as the glass can be properly 
supported, the contact Temperature can even 
be maintained at a temperature above the 
softening temperature of the glass provided 

40 that the contact treatment time at these ele- 
vated temperatures is of sufficiently short dura- 
tion to avoid thermal relaxation of the potas- 
sium exchange induced strength characteristics. 
In fact, in some cases it is possible to maintain 

45 the contact temperature within the softening 
temperature range of the particular glass 
article being treated. Under these thermal con- 
ditions extremely short contact times can be 
employed, viz., contact times of the order of 

50 one minute, and even less. 

While temperatures as high as 1200° F. to 
1400° F. can be employed, as mentioned 
above, consistently superior results are secured 
using temperatures ranging from 900° F. to 

55 1100° F.; and for most glass articles, this 
temperature range is sufficiently high to secure 
the composite strength characteristics of the 
present invention. 
In general, treatment durations substantially 

60 in excess of 40 minutes, or even 25 minutes, 
at temperatures substantially in excess of 875° 
F. do not materially improve the strength 
properties which attend the present invention 
over those obtained in shorter periods. In fact 

65 prolonged contact at these temperatures can 



be objectionable. Thus, it has been observed 
that long heating (two or more hours) of the 
treated glass whether while in contact with 
potassium nitrate or otherwise results in loss 
in strength properties. For example, heating 70 
the glass sheet for a period in excess of 2 
hours at 1000° F. while it is in contact with 
the potassium results in a material loss in the 
strength improvement attained at the shorter 
periods mentioned above. The reason for this 75 
loss is not completely understood; however, it 
can be postulated that over extended periods 
of time at these high temperatures there is a 
relaxation of the compressive stresses set up 
in the glass. Also there may occur in the glass 80 
a rearrangement or migration of the potassium 
and sodium, which rearrangement or migration 
results in reduced strength. For these reasons 
the glass, after treatment, should be cooled 
below 875° F., preferably below 500° F. or 85 
even below 300° F., rapidly and in any event 
before the compressive stress imparted to the 
glass is materially reduced. However, cooling 
should not be carried out so rapidly as to break 
the potassium treated glass due to thermal 90 
shock. 

Contacting the glass with the potassium 
treating salt for times substantially less than 
5 minutes can be satisfactorily conducted pro- 
vided that sufficiently high temperatures are 95 
employed to secure the necessary potassium 
exchange in the surface regions of the glass 
artick being treated, and provided that the 
potassium exchange (potassium diffusion) is 
conducted into a sufficient depth of the outer 100 
glass surface to insure a resulting potassium 
to sodium ratio after treatment such that tie 
exchange induced surface ratio concentration 
of potassium to sodium is in excess of 1 to 1 
for a surface depth of at least about 1 micron 105 
and preferably even deeper. 

That is to say that in order to secure the 
utmost benefits of the strength characteristics 
which can be imparted to glass articles accord- 
ing to the present invention, it is necessary to 110 
conduct the potassium exchange so that there 
is a depth penetration of potassium for at least 
a finite thickness towards the mid-plane of the 
glass article. Thus, the increase in strength is 
sufficiently deep on a penetration level so that 115 
subsequent abrasive treatment, such as those 
involved by handling in prepressing and auto- 
claving to form safety-glass laminates, or other 
fabricating operations to which the treated 
glass sheet may be later subjected, will not 120 
cause substantial loss of the strength charac- 
teristics imparted by the potassium exchange 
induced treatment. 

Another factor to be considered when lower 
contact times, viz., contact treating times sub- 125 
stantially below 5 minutes, are employed is the 
effect the higher treating temperatures can have 
upon the viscosity characteristics of the glass 
article being treated. Where avoidance of 
thermal deformation of the glass article is a 130 
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significant factor, temperatures substantially 
below the melting temperature of the particular 
glass composition should be used. The terms 
"melting temperature", "strain point", and 
5 "softening point 35 as used herein are standard 
terms in the glass an and are defined in lie 
American Society for Testing Materials Book- 
let C162— 56. However, even in view of the 
above criteria, it is possible, when using a 
10 glass article supporting system which can 
minimize or substantially eliminate the effects 
of thermal deformation, to employ treating 
temperatures above that at which the glass 
composition exhibits some plasticity. Thus, 
15 when glass supporting systems, e.g., a partial 
or total gas supp >rt (wherein the supporting 
medium is air or an inert gaseous substance) 
are employed in conjunction with the use of 
elevated temperatures the contact times can 
20 be reduced to a contact treatment time even 
as low as several seconds. 

In such a case, the contacting procedure 
whereby the glass article is contacted with the 
molten potassium treating salt can be con- 
25 veniently effected by some means other than 
immersion. For example, the potassium salt 
can be deposited readily on the glass surface 
prior to raising the temperature of both the 
glass and the potassium salt to the elevated 
30 temperatures required for treating. Or the 
potassium salt can be deposited from above 
by flowing it onto the outer surface of the 
glass while both the glass and potassium salt 
are maintained at treatment temperatures. 
35 It is also possible to employ a contacting 
procedure which involves a combination of 
immersion and non-immersion procedures with 
the former occurring prior to the latter. In such 
a procedure the immersion ("in tank") contact 
40 ^.J* ver y ^ temperatures, for example, 
100° F. to 1100° F. for an extremely short 
period of time, for example, two minutes or 
less,^ followed by non-immersion ("out of 
tank") contact at lower temperatures for 
45 example, 900° F. to 975° K, for longer 
periods of time. The total contact at the tem- 
peratures above 875° F. is, however, within 
a range previously discussed. For example, the 
glass article is preheated to a temperature of 
50 approximately 900° F. to 950° F. and then 
dipped into a preheated molten potassium salt 
teth maintained at about 1050° F. for a period 
of from 15 to 60 seconds to initiate potassium 
exchange. The glass article is removed from 
55 the salt bath with a salt film being retained 
°? ifc^prface and subjected to a temperature 
of 925 F. for ten minutes to allow further 
out of tank" exchange to take place. The 
article is then cooled. As used herein the terms 
60 contact time", "contact treating time" etc., 
refer to the total period of time during which 
the glass surfaces are in contact with the 
potassium treating salt at a temperature of at 
least 875° F. Other variations in techniques 
65 of achieving contact of the - glass article whh 



the potassium treating salt will be apparent 
to those skilled in the art once the benefit of 
applicant's invention has become known. 

The benefits and advantages attendant to 
the use of the present invention are generally 70 
applicable to treating glass articles regardless 
of their thickness. Thus, for example, dramatic 
increases in breaking strength are secured when 
treating windshield lights which are of a thick- 
ness of about 0.090 inch and 1/8 inch. How- 75 
ever, thinner or thicker windshield lights can 
also be treated by the procedure of the present 
invention with an attendant increase in strength 
of these glass lights. Therefore, the present 
invention can be employed to treat glass 80 
articles irrespective of their thickness. Hence, 
the present invention is adaptable to increas- 
ing the surface strength characteristics of very 
thin and very thick glass articles, viz., glass 
articles having thicknesses of the order ranging 85 
from 1/32 of an inch to 1/4 inch all the way 
up to extremely thick glass articles such as 
structural glass articles, e.g., glass doors. 

The nature of the potassium salt which is 
employed to treat the glass articles is impor- 90 
tant in that a potassium salt must be used 
which can be employed at high temperatures, 
i.e., temperatures ranging from 875° F. to 
1100° F. or even higher, without objection- 
able decomposition of the potassium salt occur- 95 
ring. The potassium salt of choice is potas- 
sium nitrate. The potassium nitrate salt can 
be employed either alone or in conjunction 
with other potassium salts, e.g., potassium 
chloride, to constitute the potassium salt treat- 100 
ing bath to effect the exchange of potassium 
for the sodium present in the glass article. 
When a mixed potassium salt bath is employed, 
such as a mixture of potassium nitrate and 
potassium chloride, it is preferable to employ 105 
a predominating mole per cent of potassium 
nitrate. An exemplary mixed potassium salt 
treating bath within the purview of the present 
invention is one having about 70 mole per 
cent potassium nitrate and 30 mole per cent 110 
potassium chloride. However, the advantages 
attendant to the method of the present inven- 
tion can be secured using a potassium nitrate- 
potassium chloride treating bath having a 
potassium nitrate mole per cent ranging from 115 
50 per cent to 100 per cent. 

In the practice of the process of this inven- 
tion over extended periods of time, when a 
plurality of glass sheets are successively im- 
mersed in the molten potassium salt bath, 120 
sodium gradually accumulates in the bath from 
day to day or from week to week. For example, 
m a typical instance it was noted that seriatim 
dips of 133 pairs of windshield lights resulted 
in an increase of sodium in the potassium 125 
nitrate bath from 0.073 per cent to 0.095 per 
cent by weight. 

As the sodium content increases, the degree 
of compressive stress in the glass surface falls 
causing a corresponding reduction in glass 130 
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strength. Thus, unless proper precautions are 
observed, sheets which are dipped in a late 
stage of a campaign are not as strong as sheets 
dipped in the early stage thereof because of 

5 sodium accumulation in the potassium salt 
treating bath. 

In general, the sodium content of the bath 
is held below 10 per cent by weight, and pre- 
ferably below 5 per cent by weight, based 

10 upon the combined weight of sodium and 
potassium in the bath. 

At the onset and during the early stage(s) 
of any given dipping campaign, the sodium 
content is generally below 2 per cent by weight 

15 and rarely exceeds 1 per cent by weight. Most 
preferably the sodium content ranges down- 
wardly from 1 per cent by weight to a value 
approaching and even reaching 0 per cent by 
weight. 

20 'Die sodium content of the dipping bath 
should be permitted to vary not more than 5, 
and preferably less than 2, per cent by weight 
(based upon the total combined weight of 
sodium and potassium in the molten bath) 

25 from the early (low sodium content) stage of 
dipping to the later (higher sodium content) 
stage thereof even though pluralities of sheets 
are dipped over a period of 1 to 20 weeks. 
This control can be achieved in several ways. 

30 For example, the dipped sheet may be with- 
drawn rapidly and allowed to drain outside the 
bath so that the dripping (which can contain 
sodium) is not returned to the bath. More- 
over, in this case the period of immersion can 

35 be held to a rninimum so that most of the 
sodium exchange takes place after the glass 
is withdrawn from the bath. In addition, the 
bath composition can be adjusted by addition 
of potassium salt in amounts sufficient to 

40 replace consumed or withdrawn potassium. 
Also portions of the bath may be withdrawn 
and purified. 

The invention will be further described with 
reference to the accompanying drawings in 

45 which: 

Figure 1 illustrates a vertical transverse 
section through treating lehr in accordance 
with the process of this invention; 
Figure 2 is a schematic plan view of a wind- 

50 shield; 

Figure 3 is a cross-sectional view of the 
windshield of Figure 2 taken along the line 
III— III; and 

Figure 4 is a graph illustrating a typical 
55 variation of the potassium concentration for 
given penetration depths in a gjass treated 
according to the present invention. 

Referring now more particularly to Figure 
1, there is shown lehr L containing preheating, 
60 immersion and cooling zones, all of which are 
provided with conveyors C consisting of driven 
stub rolls r. Both the preheat and immersion 
zones are heated overhead by gas burners G 
and from below by electrical heating elements 
65 E. The individual glass sheets or windshield 



lights S are carried in the slotted support 
posts P of carrying rack R which is releasably 
mounted on mounting support M having 
integral lower portion I and upper portion m. 
Lift bar A is integrally attached to the upper 70 
part of carrying rack R whereby the carrying 
rack with the windshield lights can be lifted 
free of the mounting support and immersed 
in the treating bath. Tank T in the immer- 
sion zone contains the molten bath B of treat- 75 
ing salt. After the immersion contact treatment 
has been effected, the carrying rack and 
treated windshield lights are lifted back onto 
the mounting support M which is gradually 
carried by stub rolls r through the cooling 80 
zone. 

Referring now more particularly to Figures 
2 and 3, there is shown a curved laminated 
windshield W having matching curved glass 
lights 1 and 2 with interior facing plastic 85 
contacting surfaces 3 and 4, exterior facing 
surfaces 5 and 6, and outer peripheral seamed 
edge surfaces 7 and 8, respectively. All of the 
surfaces of both lights, including the outer 
peripheral edge surfaces, have been potassium 90 
salt treated in accordance with this invention. 
The interior facing surfaces 3 and 4 are 
tenaciously adhered together by a thermoplastic 
interlayer 9 which can be composed of poly- 
vinyl butyral or any suitable interlayer 95 
material. 

Figure 4 graphically represents the potas- 
sium concentration (circular points) and sodium 
concentration (triangular points) against pene- 
tration depth for a 4" x 6" x .090" glass 100 
sample treated with a molten potassium nitrate 
salt in accordance with this invention. The 
sample was a soda-lime-silica polished plate 
glass sample of "Composition B" as given in 
Example i. The sample was preheated for about 105 
17 minutes at a temperature of about 925° F. 
and then immersed into a molten potassium 
nitrate bath maintained at 925° F. for an 
immersion period of 10 minutes. The sample 
was then cooled gradually to room tempera- 110 
ture prior to analysis. In conducting the 
analytical test, which provided the data for 
the curves of Figure 4, the potassium treated 
sample was repeatedly dipped in 2 per cent 
aqueous HF etching solution for about 2- 115 
minute dip periods to remove about a one 
micron layer of glass for each of the ten dips. 
The sample was weighed before and after each 
of the ten dips to determine the weight of 
each layer removed during each dip. The thick- 120 
ness removed was also noted for each etching 
dip. After dipping for about two minutes, the 
sample was removed from the etching bath 
and rinsed with deionized water to stop the 
etching. The wash water was then added to 125 
the etching bath. Each etching bath sample 
was then dried and subjected to speotrophoto- 
metric analysis to determine the per cent by 
weight of potassium and sodium respectively 
present in each etched layer. Fresh 2 per cent 130 
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(a) both interior facing, plastic contacting 
surfaces 3 and 4; 
) both exterior facing surfaces 5 and 6; 
:) any one or both of edge surfaces 7 
5 and 8; 

(d) interior facing surface 4 and exterior 
facing surface 5; 

(e) interior facing surface 4 and exterior 
facing surface 6; 

10 (f) one or both of edge surfaces 7 and 8, 
in conjunction with any one of treating 
patterns (a), (b), (d) and (e); 
(g) both interior facing surfaces 3 and 4 
and exterior facing surface 5; 
15 (h) bath interior facing surfaces 3 and 4 
and exterior facing surface 6; 
(i) both exterior facing surfaces 5 and 6 

and interior facing surface 3; 
(j) both exterior facing surfaces 5 and 6 
20 and interior facing surface 4; 

(k) one or both of edge surfaces 7 and 8, 
in conjunction with any one of treating 
patterns (g) to (k), inclusive; 
(1) any one of surfaces 3, 4, 5 and 6; 
25 (m) one or both of edge surfaces 7 and 8, 
in conjunction with treating pattern 

v (i>; 

(n) all of surfaces 3, 4, 5 and 6; and 
(o) any one or both of edge surfaces 7 and 
30 8, in conjunction with treating pattern 

(n). 

Various advantages are secured with the 
various treating patterns set forth hereinabove. 
For example, according to treating pattern (1) 



only exterior facing surface 5 is potassium ex- 35 
change treated. This provides strength in the 
outermost (exposed) surface of the windshield 
to avoid breakage due to stones or other small 
objects which may be tossed from the street 
onto the windshield by the tires of other cars 40 
on the road. 

According to treating pattern (c) only both 
edge surfaces 7 and 8 can be potassium treated 
This provides the windshield with edge strength 
to resist breakage when the edges thereof are 45 
subjected to mechanical shocks and vibrations 
transmitted from the chassis of the vehicle 
through the windshield mounting gasket into 
the windshield. The transmitted mechanical 
shocks and vibrations act first upon the edges 50 
of the windshield. Hence, increase in edge 
strength assists in preventing breakage. 

Of course, the greatest measure of strength 
benefits of the present invention are provided 
according to treating pattern (o) wherein all 55 
of surfaces 3, 4, 5, 6, 7 and 8 are potassium 
treated in accordance with this invention. This 
is the case because all . of the surfaces of both 
windshield lights 1 and 2 are provided with 
increased strength. 60 

The following examples serve to illustrate 
specific embodiments of the invention in 
greater detail. 

Example I 

Thirteen 2' by 2' flat soda-lime-silica 65 
polished glass plates suitable as closures of 
the thicknesses and glass composition specified 
in Table 1 below had either of the following 
compositions: 



Component 


Composition A 
(% by weight) 


Composition B 
(% by weight) 


Si0 8 


71.35 


71.65 


Na a O 


13.24 


13.20 


K 2 0 


0.03 


0.03 


CaO 


11.76 


11.83 


MgO 


2.41 


2.40 


Al 2 O s 


0.12 


0.20 


Na 2 S0 4 


0.53 


0.57 


Fe 2 O s 


0.53 


0.117 



The glass plates of Samples 1 — 9 were 
placed in horizontal stainless steel carrying 
racks with each sheet being carried at a slope 
of 15 degrees with the horizontal axis of the 
75 carrying rack. Fiber glass tape without binder 
was wrapped around the support posts of the 
stainless steel carrying racks and over the 
weight bearing support points to reduce pos- 



sible mechanical damage to the edges of the 
glass sheets. The fiber glass tape also served 80 
to reduce the heat transfer rate from the edge 
of the glass to the support posts. Samples 
1—9 were conveyed with the width dimension 
(distance from bottom edge to top edge) 
parallel to the horizontal path of the racks 85 
along the treatment line. Samples 1 — 9 were 
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then preheated in a glass lehr to raise the glass 
temperature from ambient room temperature 
to a temperature of from 900° to 925° F. 
using radiant gas burners operated at an air- 
5 to-gas ratio of 12 to 1. The preheating opera- 
tion was conducted over a period of about 
17 minutes. 

Then the preheated plates of Samples 1 — 9 
were immersed with their racks into a molten 

10 potassium nitrate bath maintained at a tem- 
perature of 925° F. for an immersion period 
of 10 minutes. 

The lehr was heated from above with gas 
heat supplied by radiant gas burners disposed 

15 several feet above the level of the molten pool, 
and these burners were also operated at an 
air-to-gas ratio of 12 to 1, and from below 
by electric heating devices placed in the bottom 
of the lehr external to the treating tank to 

20 insure the maintenance of a uniform treating 
temperature in the molten potassium nitrate 
bath. The temperature controls employed in 
the tank containing the molten potassium 
nitrate are such that allow the temperature of 

25 925° F. to be maintained within about a plus 
or minus 10° F. temperature deviation. 

The tank containing ±e molten potassium 
nitrate was 6'x3'xl3.5" to allow total im- 
mersion of the flat glass plates. The molten 

30 salt bath was maintained at a 12" depth suffi- 
cient to insure total immersion of the glass 
plates' of Samples 1 — 9. 

After contacting the glass plates of Samples 
1 — 9 with molten potassium nitrate for a 

35 period of approximately 10 minutes, the racks 
were then raised out of the molten potassium 
salt treating bath, and conveyed through an 
insulated tunnel cooling section of the lehr to 
allow cooling thereof in a gradual manner so 



that the drop in temperature during the cool- 40 
ing operation would not cause warpage or 
breakage. 

After effecting a substantial degree of cool- 
ing, viz., cooling to temperature of between 
200° F. to 250° F., the glass was then allowed 45 
to cool to the ambient room temperature out- 
side the oven. The entire period of cooling 
from the time the glass was removed from 
the molten potassium salt pool was about 30 
to 35 minutes. * 50 

The glass was then racked while at approxi- 
mately room temperature with the width 
dimension of the racked pla.es in the vertical 
position, and the treated glass plates were 
cleaned to remove the excess potassium 55 
nitrate. The washed sheets were then allowed 
to dry in a vertical position at room tempera- 
ture. Water was employed for this purpose. 

The four control samples, Samples 10 — 13, 
were not potassium treated, but were of the 60 
same compositions as used in Samples 1 — 9 
as noted from Table 1. Load strength test 
samples 4" by 4" were cut from all thirteen 
plates and subjected to load strength testing 
using concentric ring loading on the four-inch 65 
square test samples. The outer ring had a 
diameter of 3 inches and the inner ring had 
a diameter of 1.5 inches. The load speed was 
0.2 inches per minute, and the reported load 
strengths are the strengths (lbs.) at which 70 
failure (glass breakage) occurred. 

The average potassium surface penetration 
depth (microns) of Samples 1 — 9 was deter- 
mined by optical birefringence. This method 
is accurate for determination of qualitative 75 
potassium diffusion within a realm of experi- 
mental error of about two microns plus or 
minus. These values are reported in Table 1. 
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Table 1 



Sample 



Glass 
Composition 



Sheet 
Thickness 
(inches) 



Average 

Load 
Strength 

(pounds) 



Average K 

Surface 
Penetration 
(microns) 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 



A 
A 
A 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 



0.125 
0.125 
0.125 
0.1251 
0.125 
0.125 
0.090 
0.090 
0.090 
0.1251 
0.125J 
0.090*| 
0.090 J 



1020 



1020 



788 



377 



293 



5.5 



6.0 



6.0 



As will be noted from the above data, the 
strength of the samples treated according to 
the method of this invention is greater than 
5 mat of conventional untreated polished plate 
glass. 

Example n 
Eight 12" by 12" flat, polished, plate glass 
samples (Samples 14 — 21) of "Composition 
10 B", as given in Example I, were subjected to 
potassium salt treatment in a molten potassium 
nitrate bath under the same conditions as set 
forth above in conjunction with Example 1. 
Samples 14 — 21 were then subjected to 



impact resistance using a 0.5 pound, 1.5 inch 15 
diameter steel ball dropped from various 
heights to failure of the glass samples (glass 
breakage). 

Eight control samples (Samples 22 — 29) 
12" by 12" flat, polished, plate glass also of 20 
"Composition B" were also tested. These 
samples were not potassium treated, however. 
All samples were clamped in a support frame 
prior to testing. 

The impact resistance data Samples 14 — 29 25 
is reproduced hereinbelow in Table 2. 



BNSDOCID- <GB _1010164A_I_> 



10 



1,010,164 



Table 2 



Sample 


Sheet Thickness 
(inches) 


Averse Drop 

Height to 
Break (feet) 


Average Contact 
Velocity at Impact 
to Cause Breakage 

(miles per hour) 


14 


0.125" 








15 


A 1 Off 








16 


0.125 




10.0 


17.0 


17 


0.125^ 








18 


0.09(T 








19 


A AAA 

u.uyu 








20 


0.090 




10.0 


17.0 


21 


0 090 








22 


0.125^ 








23 


0.125 








24 


0.125 




2.5 


8.7 


25 


0.125^ 








26 


0.090^ 








27 


0.090 








28 


0.090 




2,0 


7.7 


29 


0.090., 









As will be noted from the above data, 
Samples 14 — 21, treated in accordance with 
this invention, were more resistant to impact 
5 than were Samples 22 — 29 which had not been 
treated. 

Example in 
Twenty-four soda-lime-silica glass wind- 
shield lights of the glass composition and thick- 

10 ness noted below in Table 3 were cut from 
polished, flat glass sheets into matching pairs 
(doublets) for bending. 

After cutting, the windshield lights were 
edge seamed by combined diamond wheel and 

15 abrasive belt techniques. Hie lights were then 
washed. Then a separator (parting) material, 
viz., "CeUte" (registered Trade Mark), which 
is diatomaceous earth manufactured by the 
Johns-Manville Corporation, was dusted on 

20 the interior facing plastic-contacting surfaces 
of each matching ligfrt in preparation for bend- 
ing. The matching pairs of lights were then 
subjected to preheating followed by bending 
on a bending mold at bending temperatures 



ranging from 1000° F. to 1100° F. for a total 
period, inclusive of preheating and bending, 
ranging from 15 to 18 minutes until bending 
was completed. 

The windshield lights were bent to the 
general complex curvature shown in Figures 
2 and 3. The bent sheets were then annealed 
and gradually cooled to room temperature over 
a period of 27 to 30 minutes. The entire pre- 
heating, bending, annealing and room tem- 
perature cooling cycle was performed in a 
period ranging from 42 to 48 minutes. After 
cooling, the parting material was allowed to 
remain on the glass sheets. 

The doublet pairs, Samples 30—41, were 
then separated and placed in a horizontal 
stainless steel carrying device (rack) with each 
individual sheet being carried at a slope of 
15 degrees with the horizontal axis of the 
carrying rack. 

Doublet Samples 30—35 were then pre- 
heated in the glass lehr to raise the tempera- 
ture of the glass from the ambient room tern- 



1,010,164 



11 



10 



15 



20 



25 



perature conditions prior to contact with the 
potassium salt to a temperature ranging from 
900° F. to 925° F. using radiant gas burners 
operated at an air-to-gas ratio of 12 to 1. This 
preheating operation was conducted over a 
period of about 17 minutes. Then the pre- 
heated doublet sheets of Samples 30 — 35 were 
immersed with their racks into a molten potas- 
sium nitrate bath maintained at a tempera- 
ture of 925° F. for an immersion period of 
10 minutes under the same conditions as set 
forth above in Example I. 

Doublet Samples 36—41 were neither 
treated with the potassium nitrate, nor sub- 
jected to any heat treatment except that in- 
volved due to the heating occurring during 
bending. 

The twelve pairs of bent doublets, Samples 
30 — 41 3 were then washed with water to 
remove the parting material (Samples 30—41) 
as well as the solidified potassium nitrate salt 
(Samples 30—35). The washed doublet 
samples were then racked in a vertical position 
and allowed to dry at room temperature. 

All twelve matched, bent doublet pairs were 
then laminated using polyvinyl butyral inter- 



layer sheets of the thickness noted in Table 3 
below to produce safety glass windshields. 

The laminating was conducted in two stages. 
The first stage, viz., prepressing, was per- 30 
formed using rubber tubing edge channels as 
described in Patent Specification No. 819479. 
The matching pairs of bent lights were 
assembled with the interlayer therebetween to 
form sandwich structures. The tubing was then 35 
fitted around the edge periphery of each sand- 
wich and connected to a vacuum source. The 
prepressing was performed at a temperature 
of 300° F. for 13 minutes using a vacuum 
pressure ranging from 26 — 29 inches of mer- 40 
cury. 

The prepressed windshield samples were 
then autoclaved in an Gil autoclave for 45 
minutes at 275° F. using 200 pounds per 
square inch autoclaving pressure. Following 45 
the autoclaving the laminated windshields were 
allowed to cool to room temperature. Table 3 
below sets f orth the glass sheet thickness, glass 
composition and interlayer thickness for each 
of laminated windshield Samples 30 — 41. The 50 
glass compositions noted are those given in 
Example I above. 



Table 3 



Sample 


Glass 
Composition 


Glass Sheet 
Thickness 
(Inches) 


Potassium 
Salt 
Treated 


Interlayer 
Thickness 
(Inches) 


30 


"Composition B" 


0.090 


Yes 


0.015 


31 


"Composition B" 


0.125 


Yes 


0.015 


32 


"Composition B" 


0.090 


Yes 


0.025 


33 


"Composition B" 


0.125 


Yes 


0.025 


34 


"Composition A" 


0.125 


Yes 


0.015 


35 


"Composition A" 


0.125 


Yes 


0.025 


36 


"Composition B" 


0.090 


No 


0.015 


37 


"Composition B" 


0.125 


No 


0.015 


38 


"Composition B" 


0.090 


No 


0.025 


39 


"Composition B" 


0.125 


No 


0.025 


40 


"Composition A" 


0.125 


No 


0.015 


41 


"Composition A" 


0.125 


No 


0.025 



Windshield Samples 30 — 41, inclusive, were 
55 then mounted in a standard rubber glazing 
channel retained in an angle iron frame for 
impact-penetration testing using a lead-filled, 
wooden ball which was 8 inches in diameter 
and weighed 30 pounds. The sample is con- 
60 sidered to have passed the test if the ball is 



retained by the sample 50 per cent of the 
time for any given drop height and contact 
velocity. 

When subjected to the above test, wind- 
shield Samples 30—35 possessed superior 65 
impact-penetration resistance as compared to 
the untreated, conventional control windshields 
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(Samples 36 — 41). This superiority was 
present both from drop height and contact 
velocity. 

Example IV 

5 Thirty-six 4 inch by 4 inch by 0.125 inch 
polished soda-lime-silica glass plates of iden- 
tical glass composition (Samples 42 — 77) were 
preheated for ten minutes to the respective 
temperature at which the potassium salt bath 

10 was maintained and then immersed in a molten 
potassium nitrate bath for immersion periods 
noted below. Then the plates were removed 
and heated while still in contact with the 
immersion-provided potassium nitrate films 

15 for the heating periods noted. 

Samples 42 — 47, inclusive, (Group I) were 
preheated for 10 minutes at 950° F. and then 
immersed in the molten potassium nitrate bath 
for a period of 15 seconds. The potassium 

20 nitrate salt treating bath was maintained at 
a temperature of 950° F. Then Samples 42— 
47 were heated at 950° F. while out of the 
treating tank for a period of approximately 
15 minutes. 

25 Samples 48—53 (Group II) were preheated 
for 10 minutes at 950° F., and dipped for 30 
seconds at 950° F. This was followed by out 
of tank heating at 950° F. for 15 minutes. 
Samples 54 — 59 (Group III) were preheated 

30 for 10 minutes at 950° F., and dipped for 60 
seconds at 950° F. This was followed by out 
of tank heating at 950° F. for 15 minutes. 

Samples 60—65 (Group IV) were preheated 
for 10 minutes at 1050° F. 3 and dipped for 

35 15 seconds at 1050° F. This was foDowed by 
out of tank heating at 950° F. for 15 minutes. 

Samples 66 — 71 (Group V) were preheated 
for 10 minutes at 1050° F., and dipped for 
30 seconds at 1050° F. This was followed by 

40 out of tank heating at 950° F. for 15 minutes. 
Samples 72—77 (Group VI) were preheated 
for 10 minutes at 1050° F., and dipped for 
60 seconds at 1050° F. This was followed by 
out of tank heating at 950° F. for 15 minutes. 

45 Control samples (Samples 78—113) of the 
same size, thickness, and glass composition as 
Samples 42 — 77, were subjected to the same 
temperature conditions as Samples 42—77, 
respectively, but were not contacted with the 

50 potassium nitrate treating bath. 

Samples 42 — 113 were then strength tested 
for load strength using the concentric ring test 
described in Example I above. Samples 42 — 
77, respectively, possessed superior load 

55 strengths as compared to the conventional 
polished soda-Jime-silica glass plates (Samples 
78—113, respectively) which were not sub- 



jected to potassium treatment in accordance 
with this invention. 

From this example, it is evident that the 60 
chemical treating procedure of this invention 
can be conducted using short periods of im- 
mersion at high temperatures while still secur- 
ing superior strength characteristics as com- 
pared to untreated plates. 65 
Example V 

Flat polished plate glass samples 12 inches 
by 12 inches by 0.125 and 0.090 inch, respec- 
tively, were potassium treated in accordance 
with the procedure set forth in Example I. 70 
These glass sheets were all of "Composition 
B" as given in Example I. 

The treated samples were then washed and 
laminated using 12 inch by 12 inch polyvinyl 
butyral interlayer sheets 0.015 inch and 0.025 75 
inch thick, respectively. The laminating pro- 
cedure consisted of prepressing and autoclav- 
ing under the same conditions set forth above 
in Example III with the exception that no 
rubber edge channel was used. 80 

Corresponding flat control sample sheets 
were also laminated, but were not subjected 
to the potassium nitrate salt treatment 

Then afl forty-eight laminate samples were 
tested for impact strength (both drop height 85 
and calculated contact velocity to breakage) 
with steel balls 0.5 inch, 0.687 inch and 1.5 
inches and weighing 7.6 grams, 21.7 grams 
and 220 grams, respectively. The above de- 
scribed impact tests were conducted at tern- 90 
perature of 75° F. (clamped frame). 

Also % all samples were subjected to impact 
strength tests which were performed using a 
0.5 pound steel ball to determine drop height 
and calculated contact velocity to breakage. 95 

The 0.5 pound impact tests were conducted 
on all samples at temperatures of 0° F., room 
temperature (68°— 78° F.), and 120° F., 
respectively. 

The glass sheet thickness, interlayer thick- 100 
ness, and testing conditions are summarized 
below in Table 4 below for the treated samples 
(Samples 114—137). 

The untreated corresponding control 
samples (Samples 138—161) were of the 105 
same glass and interlayer thickness, respec- 
tively, and were subjected to the same tests, 
respectively, as noted in Table 4 for the 
treated samples. Of course, Samples 138 — 161 
were not treated with potassium nitrate. 110 

The impact strength of the potassium nitrate 
salt treated flat laminates, Samples 114—137, 
was superior to that of the untreated control 
samples, Samples 138—161, under all test 
conditions. uj 
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Example VI 
Flat polished plate glass samples of "Com- 
position B" as set forth in Example I and 
having dimensions of 12 inch by 12 inch by 

5 0.090 and 0.125 inch, respectively, were potas- 
sium treated^ washed, and laminated with 12 
inch by 12 inch polyvinyl butyral interlayer 
sheets 0.015 and 0.025 inch thick, respectively, 
as in Example V. 

10 Corresponding fiat control sample sheets 
were also laminated, but were not subjected 
to the potassium nitrate salt treatment. 

Then all samples were subjected to an 
extensive series of high velocity impact tests 

15 conducted to compare die damage done to the 
12 inch square control laminates and the 12 
inch square potassium nitrate treated laminates 
when hit with brass-coated steel pellets each 
weighing 0351 grams and of a 0.170 inch 

20 diameter. 

The pellets were fired from an air rifle at 
a distance of 15 feet at the laminates at a 
velocity of 187 miles per hour (275 feet per 



second). Five shots were made at spaced loca- 
tions on each of the laminates at a 90 degree 25 
angle for glass temperatures of 15°F., 75°F. 5 
120°F. and 140°F. The same comparisons 
were repeated at angles of 45 degrees and 15 
degrees for glass temperatures of 15°F., 75°F. 
and 120°F. 30 

Additional tests were made using a sling 
shot device at a 20 inch pull back at 75°F. 
to hurl (a) 0.250 inch steel balls weighing LI 
grams and (b) 1 inch by 0.5 inch road stones 
with an average weight of 11.0 grams. Pro- 35 
jectiies (a) and (b) were shot from the sling 
shot at a velocity of 55 miles per ho%r (80 
feet per second) and a distance of 15 fee" 
from the laminates. The angle of contact was 
90 degrees. 40 

The laminated samples tested were of the 
four types noted in Table 5 below, with the 
only difference being the presence or absence 
of the potassium salt treatment in accordance 
with this invention. 45 



Table 5 

Glass Sheet Interlayer 

Laminate Thickness Thickness 

Type (Inches) (Indies) 

1 0.090 0.015 

2 0.090 0.025 

3 0.125 0.015 

4 0.125 0.025 



The high velocity impact resistance of the 
potassium nitrate treated laminates of Types 
1 — 4, inclusive, was superior to that of the 
50 untreated control samples of Types 1 — 4, 
inclusive, under all test conditions for both 
the steel pellet and sling shot tests. 

Example VII 
Four soda-Ume-silica flat polished plate 

55 glass sheets of "Composition B" in Example I 
and having dimensions of 32 inch by 4 inch 
by 0.125 inch were potassium salt treated as 
in Example I. 

Four additional sheets of identical glass 

60 composition and having dimensions of 32 inch 
by 4 inch by 0.250 inch were not potassium 
salt treated and served as control samples. 
Instead of the potassium salt treatment, the 
control samples were thermally tempered. The 

65 thermal tempering was performed by rapidly 
raising the glass to a temperature of from 
1150°F. to 1250°F. (mean peak temperature 
of 1200°F.) in a period of from 3.5 to 5.5 
minutes followed by rapid cooling, i.e., quench- 

70 ing for from 20 to 30 seconds with compressed 
air. The air prior to compression was at room 



temperature whereas after compression the air 
temperature at the time of quenching ranged 
from 90°F. to 100°F. After quenching these 
control samples were then allowed to further 75 
cool to room temperature. The thermal tem- 
pering cycle averaged approximately six 
minutes for the four samples. 

All eight samples were then subjected to 
cutting tests using a punch-type cutting device 80 
to determine if the samples could be cut with- 
out shattering. 

The glass sheets which were potassium salt 
treated did not shatter upon cutting, but the 
thermally tempered sheets shattered imme- 85 
diately upon cutting. 

Then 4 inch by 4 inch load strength samples 
were cut from each potassium salt treated 
sheet, and these samples were subjected to 
concentric ring load testing as in Example I. 90 
The load strengths of these samples compared 
closely to the reported average load strength 
for Samples 4 — 6 of Example I. 

Thus, the glass sheets treated in accordance 
with this invention can be cut after treatment 95 
without loss of strength. 

It was impossible to load strength test the 
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thermally tempered samples after cutting due 
to their shattering. 

The potassium" salt treated glass articles 
produced according to this invention are 
5 characterized by the following features: 

(A) High breaking stress and impact 
resistance; 

(B) High tensile strength; 

(C) The major surfaces, edges, and sides of 
10 the glass article arc in compression for a thick- 
ness of at least one micron (usually below 5 
microns) with a maximum compressive stress 
at the surface layers of at least 20,000 p.si; 

(D) A central interior thickness of the glass 
15 article of about 80 percent to 90 per cent of 

the total thickness of the glass article, said 
central interior thickness being in tension with 
a maximum central tensile stress not substan- 
tially exceeding 200 pounds per square inch; 
20 (E) A ratio of maximum surface compres- 
sion to maximum center tension of at least 
about 100 to 1; 

(F) The outer surface ratio concentration 
of potassium to sodium is in excess of 5 to 1. 

25 Moreover, this ratio is at least 100 to 250 or 
more times the ratio of potassium to sodium 
in the center of the glass article. This outer 
surface ratio persists for a depth of about 2 
microns or more, but rarely exceeds 10 

30 microns; 

(G) The ability to be cut without violent 
breakage or shattering and without substantial 
loss in strength properties; 

(H) The edges of the glass have the 
35 smoothness characteristic of a seamed or 

polished edge. This is due to the fact that 
the glass subjected to treatment has been pre- 
viously subjected to edge seaming to smooth 
the corners and the upper and lower edges of 

40 the glass. Consequently, the compressive stress 
imparted by the chemical treatment herein 
contemplated is transmitted around the corners 
and also more or less continuously from the 
upper and lower surfaces around the edges to 

45 the sides of the sheet; and 

(I) The treated glass shows little or no 
strain pattern when viewed in a direction per- 
pendicular to the major surfaces of the glass 
under polarized light. 

50 The center tension (tensile stress) measure- 
ments for the potassium salt treated articles 
of this invention is determined by an optical 
method. The method employed is one usually 
used for rating the degree of anneal in annealed 

55 glass samples. 

The method consists of a measure of the 
center tension stress obtained by viewing along 
the center plane of the glass plate being 
measured. A graduated quartz wedge is used to 

60 measure this stress optically, expressed in 
millimicrons of birefringence (often abbreviated 
as mu) per inch or per centimeter of viewing 
section. The quartz wedge can be used as an 
accessory on a Polarizing Microscope for view- 

65 ing small samples or it can be adapted with 



separate lens, light source and polarizer for 
viewing through larger samples. It is not prac- 
tical to view through more than 20 times the 
thickness of flat glass. With the use of prisms, 
it is possible to view across the corners of 70 
large flat plates. When measuring center tensile 
stress in curved plates, it is desirable to 
measure in a direction where the bow is at a 
minimum or reduce the viewing section until 
the bow is less than 10 per cent of the glass 75 
thickness. 

The optical rating of stress expressed as 
mu per inch can be converted readily to 
mechanical pounds per square inch stress units 
by multiplying by the stress-optical co-efficient 80 
which is 2.13 for most conventional plate and 
sheet glass. 

The surface compression (compressive 
stress) measurements are also determined 
optically, but by a different method. 85 

Surface compression stress is measured with 
an instrument known as a differential surface 
crefractometer since it measures a quantity 
proportional to the differential between refrac- 
tive indices for light polarized parallel and 90 
perpendicular to the glass surface. The instru- 
ment consists essentially of an incandescent 
light bulb, a rectangular prism with a refrac- 
tive index higher than that of the surface of 
the glass, and the viewing telescope. The lower 95 
face of the prism is placed in contact with the 
glass surface with a liquid of intermediate 
refractive index between. In the telescope, 
bright lines are seen and the distance between 
them is proportional to the surface stress. This 100 
distance is measured with a micrometer eye- 
piece previously calibrated in terms of pounds 
per square inch per scale division. By observ- 
ing line separation on glass surfaces subjected 
to known mechanical stress or conventional 105 
thermally tempered surfaces usually only two 
lines are visible, one polarized perpendicular 
to and the other parallel to the plane of inci- 
dence of the light rays on the glass surface. 
The potassium salt treated glass surfaces 110 
usually exhibit multiple sets of lines, each 
representing the stress at a particular depth in 
the stress layer. These lines are usually seen 
as dispersed spectra due to chromatic variation 
of the critical angle between the prism and the 115 
glass surface. By means of an adjusting screw, 
the angle between the prism and the glass sur- 
faces is adjusted to achromatize the sets of 
lines representing the stress condition at the 
surface of the ion exchange layer. 120 

The process of the present invention can be 
employed to produce glass articles which are 
also subjected to conventional processing tech- 
niques; cutting operations; laminating opera- 
tions; etc, to reduce glass articles having en- 125 
hanced surface strength, impact resistance, and 
penetration resistance. 

Thus, the present invention is by no means 
limited to producing glass sheets to be em- 
ployed in windshields, but also extends to a 130 
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wide spectrum of usage, including, but not 
limited to 5 production of glass articles to be 
used for: building materials; architectural 
applications; bottles, e.g. 3 containers for 

5 liquids; drinking glasses; viewing closures 
such as window panes; safety-glass and other 
laminated structures; glass insulation struc- 
tures wherein a plurality of glass sheets are 
arranged in a spaced fashion with a layer of 

10 air serving as the insulation medium; television 
safety-glass implosion and/or explosion 
shields; glass roofs or transparent domes in 
vehicles and buildings; experimental devices 
such as glass engine parts which must with- 

15 stand a high compression; ceramic and 
siliceous articles used in the dental arts such 
as dentures and crown caps; ceramic mufflers 
for automobiles, airplanes, and other vehicles; 
etc. 

20 WHAT WE CLAIM IS: — 

1. A method of treating a soda-lime glass 
article with a potassium salt, wherein the glass 
is contacted with the potassium salt at an inter- 
facial temperature of at Jeast 875°F., and the 

25 glass is thereafter cooled before strengthening 
which results from said treatment is dissipated. 

2. A method according to claim 1, wherein 
the temperature of contact is maintained be- 
tween 900°F. and 1100°F. 

30 3. A method according to claim 1 or 2, 
wherein the temperature does not exceed the 
strain point of the glass. 

4. A method according to any one of the 
preceding claims, wherein the time of contact 

35 is 5 to 40 minutes. 

5. A method according to claim 4, wherein 
the time of contact is 5 to 25 minutes. 

6. A method according to any one of the 
preceding ciaims, wherein the potassium salt 

40 is in molten condition. 



7. A method according to claim 6, wherein 
the glass article is immersed in a bath of the 
molten salt. 

8. A method according to claim 6, wherein 
the glass article is withdrawn from the bath 45 
while a film of the potassium salt is retained 

on the glass, the temperature of the glass is 
maintained sufficiently high to permit incor- 
poration of the potassium to continue, and the 
glass is then cooled below the melting point 50 
of the potassium salt. 

9. A method according to claim 8, wherein 
the glass is cooled below 300°C. 

10. A method according to claim 8 or °, 
which comprises cleaning retained potassium 55 
salt film from the glass after the cooling has 
taken place. 

11. A method according to any one of the 
preceding claims, which comprises preheating 
the glass article to a temperature approximat- 60 
ing that of contact treatment with the potas- 
sium salt prior to said contact. 

12. A method according to any one of the 
preceding claims, wherein the potassium salt 

is potassium nitrate. 65 

13. A method of treating a soda-lime glass 
article substantially as herein described with 
reference to the Examples. 

14. A soda-lime glass article produced by 
the method according to any one of the pre- 70 
ceding claims. 

STEVENS, LANGNER, PARRY & 
ROLLINSON, 
Chartered Patent Agents, 
Agents for the Applicants. 

Reference has been directed in pursuance 
of Section 9, subsection (1) of the Patents 
Act, 1949, to patents Nos. 917,388 and 
966,733. 
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